Effect of Ca2+ binding on troponin C. Changes in spin label mobility, extrinsic fluorescence, and sulfhydryl reactivity.
The Ca2+ binding component (TnC) of troponin has been selectively labeled with either a spin label, N-(1-oxyl-2,2,6,6-tetramethyl-4-piperidinyl) iodoacetamide, or with a fluorescent probe, S-mercuric-N-dansyl cysteine, presumably at its single cysteine residue (Cys-98) in order to probe the interactions of TnC with divalent metals and with other subunits of troponin. The modified protein has the same Ca2+ binding properties as native TnC (Potter, J. D., and Gergely, J. (1975) J. Biol. Chem. 250, 4628), viz. two Ca2+ binding sites at which Mg2+ appears to compete (Ca2+-Mg2+ sites, KCa = 2 X 10(7) M-1) and two sites at which Mg2+ does not compete (Ca2+-specific sites, KCa = 2 X 10(5) M-1). Either Ca2+ or Mg2+ alters the ESR spectrum of spin-labeled TnC in a manner that indicates a decrease in the mobility of the label, Ca2+ having a slightly greater effect. In systems containing both Ca2+ and Mg2+ the mobility of the spin label is identical with that in systems containing Ca2+ alone. The binding constants for Ca2+ and Mg2+ deduced from ESR spectral changes are 10(7) and 10(3) M-1, respectively, and the apparent affinity for Ca2+ decreases by about an order of magnitude on adding 2 mM Mg2+. Thus, the ESR spectral change is associated with binding of Ca2+ to one or both of the Ca2+-Mg2+ sites. Addition of Ca2+ to the binary complexes of spin-labeled TnC with either troponin T (TnT) or troponin I (TnI) produces greater reduction in the mobility of the spin label than in the case of spin-labeled TnC alone, and in the case of the complex with TnI the affinity for Ca2+ is increased by an order of magnitude. The fluorescence of dansyl (5-dimethylaminonaphthalene-1-sulfonyl)-labeled TnC is enhanced by Ca2+ binding to both high and low affinity sites with apparent binding constants of 2.6 X 10(7) M-1 and 2.9 X 10(5) M-1, respectively, calculated from the transition midpoints. The presence of 2 mM Mg2+, which produces no effect on dansyl fluorescence itself, in contrast to its effect on the spin label, shifts the high affinity constant to 2 X 10(6) M-1. Spectral changes produced by Ca2+ binding to the TnC-TnI complex furnish evidence that the affinity of TnC for Ca2+ is increased in the complex. The reactivity of Cys-98 to the labels and to 5,5'-dithiobis(2-nitrobenzoic acid) (Nbs2) is decreased by Ca2+ or Mg2+ both with native TnC and in 6 M urea. The reaction rate between Cys-98 and Nbs2 decreases to one-half the maximal value at a Ca2+ concentration that suggests binding to the Ca2+-Mg2+ sites. Formation of a binary complex between TnI and TnC reduces the rate of reaction, and there is a further reduction by Ca2+. The effect of Ca2+ takes place at concentrations that are 1 order of magnitude lower than in the case of TnC alone. These results suggest that the Ca2+ binding site adjacent to Cys-98 is one of the Ca2+-Mg2+ binding sites.